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(54) METHOD OF PROCESSING DESULFURIZATION ABSORPTION LIQUID AND APPARATUS 
THEREFOR 



(57) This invention relates to a method for the treat- 
ment of a desulfurization absorbing fluid after gas-liquid 
contact with combustion exhaust gas in which fine parti- 
cles of unburned carbon and other materials are effi- 
ciently removed from the desulfurization absorbing fluid 
to improve the quality of a by-product (e.g., gypsum) 
obtained therefrom. The method of this invention com- 
prises the steps of feeding a gas into a desulfurization 
absorbing fluid (A) containing fine particles of unburned 
carbon and other materials and thereby producing gas 
bubbles so as to cause the fine particles to adhere to 
the surfaces of the gas bubbles and create a foam 
phase (D) consisting of the gas bubbles; and breaking 
the foam phase (D) to obtain a liquid (E) containing the 
fine particles. 
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Description 

Background of the Invention 

1 . Field of the Invention 

[0001 ] This invention relates to a technique for sepa- 
rating and removing fine particles of unburned carbon 
and other materials present in a desuifurization absorb- 
ing fluid after gas-liquid contact in a wet flue gas desul- 
furizer for removing sulfur oxides from the combustion 
exhaust gas of a boiler or the like. 

2. Description of the Related Art 

[0002] In a wet flue gas desulfurizer, exhaust gas is 
cleaned by gas-liquid contact with an absorbing fluid 
containing lime or the like, so that sulfur oxides (SOJ 
and fine particles of unburned carbon and other materi- 
als are removed therefrom. The fine particles of 
unburned carbon and other materials which have 
passed from the exhaust gas to the absorbing fluid 
remain in the by-product (e.g., gypsum) separated and 
recovered from the absorbing fluid and cause a reduc- 
tion in purity and a reduction in quality due to discolora- 
tion. 

[0003] Conventionally, in order to reduce the content 
of impurities (i.e., fine particles of unburned carbon and 
other materials) in gypsum obtained as a by-product to 
less than a specified level, it has been common practice 
to concentrate the gypsum present in the absorbing 
fluid having sulfur oxides (SOJ absorbed therein by 
means of a liquid cyclone and thereby reduce the con- 
tent of unburned carbon on a relative basis. However, 
since unburned carbon behaves in substantially the 
same manner as the absorbing fluid, there is a limit in 
reducing the content of unburned carbon by concentrat- 
ing the gypsum by means of a liquid cyclone. For exam- 
ple, even if the requirements for the purity of gypsum 
are met, a reduction in quality due to a deterioration of 
appearance by discoloration may be unavoidable. 
[0004] Thus, gypsum obtained as a by-product in wet 
flue gas desuifurization involves problems such as 
reduced prices and limited uses due to discoloration 
caused by impurities comprising fine particles of 
unburned carbon and other materials. 
[0005] An object of the present invention is to provide 
a method and apparatus for the treatment of a desuifuri- 
zation absorbing fluid which enables fine particles of 
unburned carbon and other materials to be efficiently 
removed from the desuifurization absorbing fluid prior to 
the separation of a by-product so that a by-product (e.g., 
gypsum) having a low impurity content and showing lit- 
tle discoloration may be separated and recovered from 
the desuifurization absorbing fluid. 



Summary of the Invention 

[0006] According to the present invention, there is pro- 
vided a method for the treatment of a desuifurization 
s absorbing fluid after gas-liquid contact with combustion 
exhaust gas containing fine particles of unburned car- 
bon and other materials, which comprises the steps of 
feeding a gas into the absorbing fluid containing the fine 
particles and thereby producing gas bubbles so as to 
10 cause the fine particles to adhere to the surfaces of the 
gas bubbles and create a foam phase consisting of the 
gas bubbles; and breaking the foam phase to obtain a 
liquid containing the fine particles. 
[0007] Preferably, the gas is fed into the absorbing 
is fluid at a flow rate of 50 to 300 m 3 N/h • m 2 per unit 
cross-sectional area of the absorbing fluid. 
[0008] According to the present invention, there is 
also provided an apparatus for the treatment of a desui- 
furization absorbing fluid after gas-liquid contact with 
20 combustion exhaust gas containing fine particles of 
unburned carbon and other materials, which comprises 
a treating tank for storing the absorbing fluid containing 
the fine particles, the treating tank having an absorbing 
fluid feed port for feeding the absorbing fluid into the 
25 treating tank, and a gas feed port for feeding a gas into 
the absorbing fluid stored in the treating tank and 
thereby producing gas bubbles to create a foam phase 
consisting of the gas bubbles in the treating tank; a foam 
breaking tank adjoining the treating tank; a foam inlet 
30 pipe for connecting the treating tank with the foam 
breaking tank in fluid communication relationship; and 
foam breaker means disposed in the foam breaking 
tank for breaking the foam phase having passed 
through the foam inlet pipe to obtain a liquid containing 
35 the fine particles. 

[0009] A plurality of apparatus for the treatment of a 
desuifurization absorbing fluid as described above may 
be installed in successive stages, and these apparatus 
may be connected by feeding means for delivering the 
40 fine particle-containing liquid obtained in the apparatus 
at the preceding stage to the absorbing fluid feed port of 
the apparatus at the succeeding stage. 
[0010] In the aforesaid apparatus for the treatment of 
a desuifurization absorbing fluid, the treating tank may 
45 have an outlet port for withdrawing the absorbing fluid 
stored in the treating tank, and the aforesaid apparatus 
may be equipped with means for returning a portion of 
the absorbing fluid withdrawn from the outlet port, 
together with the gas, to the treating tank through the 
so gas feed port. 

[0011] A plurality of apparatus for the treatment of a 
desuifurization absorbing fluid as described above may 
be installed in successive stages, and these apparatus 
may be connected by feeding means for delivering the 
55 absorbing fluid withdrawn from the outlet port of the 
treating tank of the apparatus at the preceding stage, 
except the portion returned to the treating tank, to the 
absorbing fluid feed port of the apparatus at the suc- 
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ceeding stage. 

[0012] According to the method of the present inven- 
tion, fine particles of unburned carbon and other materi- 
als are efficiently removed from a desulfurization 
absorbing fluid containing such fine particles as a result s 
of gas-liquid contact with combustion exhaust gas, so 
that the by-product (e.g., gypsum) obtained by solid-liq- 
uid separation of the desulfurization absorbing fluid has 
high purity and shows little discoloration. 
[0013] Moreover, when the treating apparatus of the 10 
present invention is employed, highly pure gypsum hav- 
ing high whiteness can be recovered even if the electro- 
static precipitator is omitted. 

Brief Description of the Drawings is 
[0014] 

FIG. 1 is a schematic view illustrating an apparatus 
for the treatment of a desulfurization absorbing fluid 20 
in accordance with one embodiment of the present 
invention; 

FIG. 2 is a schematic view illustrating an apparatus 
for the treatment of a desulfurization absorbing fluid 
in accordance with another embodiment of the 25 
present invention; 

FIG. 3 is a sectional view illustrating an example of 
the mixer used in the apparatus for the treatment of 
a desulfurization absorbing fluid in accordance with 
the present invention; 30 
FIG. 4 is a flow diagram illustrating an example of a 
flue gas desulfurization plant including an appara- 
tus for the treatment of a desulfurization absorbing 
fluid in accordance with the present invention; 
FIG. 5 is a flow diagram illustrating another exam- 35 
pie of a flue gas desulfurization plant including a 
plurality of apparatus for the treatment of a desul- 
furization absorbing fluid in accordance with the 
present invention; 

FIG. 6 is a flow diagram illustrating still another 40 
example of a flue gas desulfurization plant including 
a plurality of apparatus for the treatment of a desul- 
furization absorbing fluid in accordance with the 
present invention; 

FIG. 7 is a graph showing the relationship between as 
the flow rate of the gas fed into the treating tank and 
the degree of removal of unburned carbon; 
FIG. 8 is a flow diagram illustrating a further exam- 
ple of a flue gas desulfurization plant including a 
plurality of apparatus for the treatment of a desul- so 
furization absorbing fluid in accordance with the 
present invention; and 

FIG. 9 is a fbw diagram illustrating a conventional 
flue gas desulfurization plant. 

55 

Detailed Desc ription of the Preferred Embodiments 
[001 5] Combustion exhaust gas produced from coal- 



fired boilers, oil-fired boilers and the like contains about 
100 to 1,000 ppm of sulfur oxides (SOx). In order to 
remove sulfur oxides from such combustion exhaust 
gas, this combustion exhaust gas is brought into gas-liq- 
uid contact with an absorbing fluid by means of a wet 
flue gas desulfurizer. The sulfur oxides react with the 
absorbing fluid, if necessary, under oxidizing conditions 
created by contact with air, so that a by-product such as 
gypsum is formed. This by-product is recovered by 
solid-liquid separation or the like. 
[0016] As the absorbing fluid, there may be used a 
lime slurry (i.e., a slurry of calcium carbonate, calcium 
hydroxide or calcium oxide), a slurry of magnesium 
hydroxide, an aqueous solution of sodium hydroxide, an 
aqueous solution of sodium sulfite, an aqueous solution 
of basic aluminum sulfate, dilute sulfuric acid, aqueous 
ammonia or the like. 

[001 7] The by-products obtained according to the type 
of the absorbing fluid include gypsum (calcium sulfate), 
sodium sulfate, magnesium sulfite, magnesium sulfate, 
ammonium sulfate and the like. 
[001 8] By way of example, a wet desulfurization proc- 
ess using a lime slurry is explained. First of all, combus- 
tion exhaust gas from a fuel oil-fired boiler is brought 
into gas-liquid contact with an absorbing fluid compris- 
ing a lime slurry having a concentration of 10 to 30% by 
weight. Sulfur oxides react with the absorbing fluid and 
are further oxidized with air to form gypsum. This gyp- 
sum precipitates from the absorbing fluid to yield a 
slurry having a gypsum concentration of 10 to 30% by 
weight. In addition to gypsum, this slurry (or desulfuriza- 
tion absorbing fluid) contains black unburned carbon in 
an amount of several hundred to several thousand milli- 
grams per liter, and soluble salts having high solubility, 
such as ammonium sulfate. Now, an apparatus for 
removing this unburned carbon and the like from the 
desulfurization absorbing fluid is specifically described 
hereinbelow. 

[001 9] FIG. 1 illustrates an apparatus for the treatment 
of the desulfurization absorbing fluid in accordance with 
the present invention. In FIG. 1, the desulfurization 
absorbing fluid A conducted through a feed pipe 2 and 
fed into a treating tank 1 through an absorbing fluid feed 
port 19 is stored in treating tank 1 as stored fluid B. The 
position of the surface of stored fluid B within treating 
tank 1 is regulated by controlling the flow rate of the 
desulfurization absorbing fluid flowing through a with- 
drawal pipe 6 by means of a regulating valve 1 5 control- 
led by a controller 14 in response to the value detected 
with a level detector 13. In this case, the amount of 
absorbing fluid discharged through withdrawal pipe 6 is 
preferably regulated in response to the amount of sulfur 
oxides removed in the wet desulfurizer. 
[0020] On the other hand, a gas C is fed into treating 
tank 1 through a gas feed port 4 formed at a position 
lower than that of feed pipe 2. As gas C, there may be 
used air, nitrogen gas or the like. In stored fluid B, gas C 
produces gas bubbles which move upward, in the 
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course of the movement of gas bubbles through stored 
fluid B, fine particles of unburned carbon and other 
materials in stored fluid B gather around the gas bub- 
bles to stabilize them, and move upward together with 
the gas bubbles. Thus, a foam phase D consisting of the 
gas bubbles is formed in the space of treating tank 1 
above the surface of stored fluid B. 
[0021] Foam phase D containing fine particles of 
unburned carbon and other materials passes through 
foam inlet pipe 10, flows into a foam breaking tank 16 
separated by a separator 9, and is broken by foam 
breaker means 1 1 comprising a foam breaker plate or 
the like. Thus, foam phase D is separated into a liquid 
(or broken foam liquid) E containing fine particles of 
unburned carbon and other materials, and an off-gas F. 
Broken foam liquid E is accumulated in the bottom of 
foam breaking tank 16 and then discharged from the 
system through an overflow pipe 12. On the other hand, 
off-gas F produced as a result of foam breaking is dis- 
charged from a gas outlet 1 7 provided at the top of foam 
breaking tank 16. This off-gas F may be used as gas C 
to be fed into treating tank 1 . 
[0022] In FIG. 1, foam breaking tank 16 is installed 
above treating tank 1 . However, since what is required is 
to remove foam phase D from treating tank 1 and 
breaks it before foam phase D reaches its free height 
and breaks spontaneously, foam breaking tank 16 may 
be installed so as to be adjacent to the sidewail of treat- 
ing tank 1. 

[0023] In FIG. 1 , treating tank 1 has only one gas feed 
port 4. but may have a plurality of gas feed ports. 
[0024] In FIG. 1. gas feed port 4 is positioned above 
absorbing fluid outlet port 18. This is advantageous in 
that gas bubbles are not sucked into absorbing fluid out- 
let port 18. However, so long as no such difficulty arises, 
gas feed port 4 may be formed below absorbing fluid 
outlet port 18 or at the bottom of treating tank 1. 
[0025] Besides a foam breaker plate, useful examples 
of the foam breaker means include an impeller, a 
stream of water, a stream of gas. heat, sprinkling of an 
antifoaming agent, ultrasonic irradiation, and an electric 
discharge. 

[0026] Where foam breaker means 1 1 comprises a 
foam breaker plate, the diameter of foam inlet pipe 10 
and the feed rate of gas C may be properly determined 
so as to cause foam phase D to spout vigorously from 
foam inlet pipe 10 and strike against foam breaker 
means (or foam breaker plate) 1 1 . In this case, the dis- 
tance between foam inlet pipe 10 and foam breaker 
means (or foam breaker plate) 11 is properly deter- 
mined with consideration for the type of the desulfuriza- 
tion absorbing fluid, the diameter of gas bubbles, the 
rate of movement of gas bubbles, and the like. The foam 
breaker plate may be made movable so that it can be 
adjusted to the optimum position. 
[0027] A plurality of foam inlet pipe 10 may be installed 
between treating tank 1 and foam breaking tank 16. 
[0028] The present inventor has found that, if the foam 



phase is allowed to grow to its free height and the upper 
part of the foam phase is separated and treated, the liq- 
uid produced as a result of spontaneous foam breaking, 
which is heavier than the foam, descends through the 
5 foam phase and flows into stored fluid B. During this 
process, the broken foam liquid causes fine particles of 
unburned carbon and other materials in the foam phase 
to move downward. 

[0029] Accordingly, it is desirable to break the foam 

10 phase by a suitable foam breaker means before sponta- 
neous foam breaking occurs. Thus, fine particles 
entrained by gas bubbles in the foam phase which 
ascends substantially in the form of a piston flow can be 
recovered without allowing most of them to move down- 

15 ward through the foam phase. 

[0030] In the apparatus for the treatment of a wet 
defulfurization absorbing fluid in accordance with the 
present invention, the absorbing fluid withdrawn from 
absorbing fluid outlet port 18 and flowing through with- 

20 drawal pipe 6 may be pressurized with a circulating 
pump 3 to return a portion of the absorbing fluid to treat- 
ing tank 1 through a return pipe 5, as illustrated in FIG. 
2. Moreover, in the course of return, a gas may be fed 
into the absorbing fluid by means of a mixer 8. In this 

25 case, the absorbing fluid containing gas bubbles is intro- 
duced into treating tank 1 through gas feed port 4. In 
mixer 8, the returned absorbing fluid is mixed with a gas 
C fed through a gas pipe 7. The other parts of the appa- 
ratus illustrated in FIG. 2 are the same as those of the 

30 apparatus illustrated in FIG. 1, including the reference 
numerals. 

[0031] In this embodiment, mixer 8 may have any 
desired structure that makes it possible to mix gas C 
with the circulating fluid and form an adequate number 

35 of gas bubbles having a suitable diameter. Specific 
examples thereof include a mere combination of pipes, 
a dispersing plate attached to the end of gas pipe 7, and 
a mixer having therein a spiral ribbon or agitating 
blades. Any suitable type of mixer may be used with 

40 consideration for the type of the desulf urization absorb- 
ing fluid, the concentration and temperature of the 
slurry, the particle diameter of the solid matter, the pos- 
sibility of clogging, and the like. 
[0032] An example of mixer 8 is illustrated in FIG. 3. In 

45 FIG. 3, gas pipe 7 for feeding gas C therethrough 
projects into return pipe 5 through which the absorbing 
fluid flows, in such a way that the end thereof comes 
near to the center of a cross section of return pipe 5. In 
mixer 8, gas C fed thereto is divided into very fine bub- 

50 bles by the action of the circulating fluid (or absorbing 
fluid) driven by circulating pump 3 and dispersed into 
stored fluid B within treating tank 1 . When return pipe 5 
projects into treating tank 1 in such a way that the end 
of return pipe 5 comes near to the center of treating tank 

55 1 , gas bubbles can be supplied into treating tank 1 uni- 
formly. 

[0033] FIG. 4 illustrates a wet flue gas desulfurization 
plant using a lime slurry. 
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[0034] Combustion exhaust gas 2 1 from a fuel oil-fired 
boiler is introduced into a wet flue gas desulfurizer 22 
where the exhaust gas is brought into contact with a 
lime slurry conveyed through a pipe 24 by means of a 
circulating pump 23 and injected from a nozzle 25, so 5 
that sulfur oxides (SO*) are absorbed into the lime slurry 
and thereby removed from the exhaust gas. The 
exhaust gas so treated is then discharged as purified 
gas 26. 

[0035] The tank 27 of an absorption tower is equipped 10 
with a rotating-arm air sparger 29 for blowing the sup- 
plied air 28 efficiently into desulfurization absorbing fluid 
30 in the form of fine air bubbles. Desulfurization 
absorbing fluid 30 having SO x absorbed thereinto 
comes into efficient contact with air 28 and thereby is 15 
oxidized with air to form gypsum. This gypsum precipi- 
tates from desulfurization absorbing fluid 30, which 
eventually forms a slurry having a gypsum concentra- 
tion of 10 to 30% by weight 

[0036] The desulfurization absorbing fluid is with- 20 
drawn from tank 27 through a pipe 31, passed through 
a pump 32, and fed into an apparatus 33 for the treat- 
ment of the desulfurization absorbing fluid. The broken 
foam fluid produced in the foam breaking tank of treat- 
ing apparatus 33 is discharged through an overflow pipe 25 
34, while the off-gas is conducted through a pipe 35 and 
discharged out of the system together with purified gas 
26 from wet flue gas desulfurizer 22. 
[0037] The desulfurization absorbing fluid withdrawn 
from treating apparatus 33, except the portion returned 30 
to treating apparatus 33, is conducted to a solid-liquid 
separator 37 through a pipe 36 and separated into gyp- 
sum 38 and filtrate 39. The separated gypsum 38 is 
effectively utilized for the manufacture of gypsum plas- 
ter boards. 35 
[0038] On the other hand, filtrate 39 is passed through 
a pump 40 and a portion thereof is conveyed to a waste 
water treatment system (not shown) through a line 41. 
The remainder is conducted through a line 42 and sup- 
plied to a slurry 43 containing limestone as an absorb- 40 
ent for S0 2 . Separately, industrial water 44 and 
limestone 45 are supplied to slurry 43. This slurry 43 is 
conveyed through a line 47 by means of a pump 46 and 
fed into wet flue gas desulfurizer 22. 
[0039] The broken foam liquid discharged from treat- 45 
ing apparatus 33 through overflow pipe 34 contains 
about 30 to 50% by weight of gypsum in addition to fine 
particles of unburned carbon and other materials. In 
order to recover gypsum present in this broken foam liq- 
uid and, moreover, enhance the degree of concentration so 
of fine particles of unburned carbon and other materials 
and thereby carry out the separation treatment of these 
fine particles efficiently and economically, a plurality of 
treating apparatus may be installed as illustrated in FIG. 
5. In FIG. 5. the broken foam liquid containing gypsum ss 
and fine particles of unburned carbon and other materi- 
als is conveyed through overflow pipe 34 by means of a 
pump 48 and fed again into a treating apparatus 33' 



similar to treating apparatus 33. Thus, the gypsum 
present therein is separated and recovered. 
[0040] In the plant illustrated in FIG. 4, a treating 
apparatus similar to treating apparatus 33 for the desul- 
furization absorbing fluid may be installed at an interme- 
diate position of pipe 36 to further improve the degree of 
removal of fine particles of unburned carbon and other 
materials. For example. A plant illustrated in FIG. 6 is 
the same as the plant illustrated in FIG. 5, except that a 
treating apparatus 33" for the desulfurization absorbing 
fluid is added at an intermediate position of pipe 36. 
[0041] The present invention is more specifically 
explained with reference to the following examples. 
However, these examples are not to be construed to 
limit the scope of the invention. 

Example 1 

[0042] An experiment was carried out by using a treat- 
ing apparatus illustrated in FIG. 2. 
[0043] A foam breaking tank 1 6 having a height of 1 m 
was installed above a treating tank 1 having a diameter 
of 30 cm and a height of 2 m, and a separator 9 was 
interposed between treating tank 1 and foam breaking 
tank 16. A foam inlet pipe 10 having an inner diameter 
of 2.5 cm and a length of 30 cm was attached to sepa- 
rator 9, and a foam breaker means (or foam breaker 
plate) 1 1 having a diameter of 10 cm was disposed 2.5 
cm above the upper end of foam inlet pipe 10. A feed 
pipe 2 having a bore diameter of 1 .5 cm was attached to 
treating tank 1 at a position 1 m above the bottom 
thereof. A withdrawal pipe 6 having a bore diameter of 
2.5 cm was attached to treating tank 1 at a position 20 
cm above the bottom thereof. A circulating pump 3 was 
connected to withdrawal pipe 6, and a return pipe 5 hav- 
ing a bore diameter of 2.5 cm was installed on the 
downstream side of circulating pump 3. A mixer 8 was 
formed by inserting a gas pipe 7 having a bore diameter 
of 1 .5 cm through the sidewall of return pipe 5 so that its 
end came near to the center of return pipe 5. 
[0044] Using the apparatus constructed according to 
the above-described specifications, an experiment was 
carried out under the following conditions. 

(1) Desulfurization absorbing fluid A: An absorbing 
fluid collected at the outlet of a wet desulfurization 
tower (i.e., a slurry having an unburned carbon con- 
tent of about 400 mg per liter, a soluble salt (e.g., 
ammonium sulfate) content of about 30 g per liter, 
and a gypsum concentration of about 20% by 
weight). 

(2) Feed rate of desulfurization absorbing fluid A: 1 
m 3 /h. 

(3) Volume of stored fluid B: 0.105 m 3 (with a depth 
of 1.5 m). 

(4) Suction rate of circulating pump 3: 8-10 m 3 /h. 

(5) Flow rate of gas C (air): 10-14 m 3 /h. 
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[0045] While a regulating valve 1 5 was being operated 
according to the preset value of a controller 14 so that 
the depth of the absorbing fluid within treating tank 1 
might be kept constant, the absorbing fluid was with- 
drawn from absorbing fluid outlet port 18. 
[0046] The space between the surface of stored fluid 
B and separator 9 was filled with a foam phase D, and a 
stream of foam spouting from foam inlet pipe 10 struck 
vigorously against foam breaker plate 1 1 . The resulting 
broken foam liquid E accumulated in the bottom of foam 
breaking tank 16 to a depth of about 5 cm and over- 
flowed through an overflow pipe 12 at a flow rate of 
about 0.3 m 3 /h. This broken foam liquid E contained 
unburned carbon in an amount of about 12,000-14,000 
mg per liter. 

[0047] As a result, the unburned carbon content of the 
absorbing fluid withdrawn through withdrawal pipe 6 
was reduced to about 1-5 mg per liter. 
[0048] Using a solid-liquid separator (or centrifugal 
separator), gypsum was recovered from the absorbing 
fluid withdrawn through withdrawal pipe 6. The gypsum 
thus obtained contained 0.23 mg of ammonium sulfate 
and 0.01 mg of unburned carbon per gram of the gyp- 
sum, and had high whiteness. 

Example 2 



(b) Gypsum concentration: 20% by weight (slurry). 

(c) Content of soluble salt (e.g., ammonium sulfate): 
0.5 mole/L as expressed in terms of ionic strength. 
(Note) Ionic strength is defined by the following 

5 equation: 

I = (1/2) x (XCiZi 2 ) 

where I is the ionic strength (in moles/L), Ci 
10 is the concentration of an ion i (in moles/L), and Zi 
is the valence number of an ion i. 

(2) First-stage treating apparatus 

15 [0053] 

(a) Feed rate of desuifurization absorbing fluid: 1 
m 3 /h. 

(b) Volume of stored fluid: 0.105 m 3 (with a depth of 
20 1.5 m). 

(c) Suction rate of circulating pump: 10 m 3 /h. 

(d) Flow rate of gas (air): 12 m 3 N/h (170 
m 3 N/h ■ m 2 ). 

(e) Flow rate of absorbing fluid fed to solid-liquid 
25 separator: 0.9 m 3 /h. 

(f) Overflow rate from foam breaking tank: 0.1 m 3 /h. 



(3) Second-stage treating apparatus 
so [0054] 



[0049] An experiment was carried out by using a plant 
illustrated in FIG. 5. The first-stage treating apparatus 
33 included in the plant of FIG. 5 was the same treating 
apparatus as used in the foregoing Example 1. 
[0050] The broken foam liquid discharged from first- 
stage treating apparatus 33 through overflow pipe 34 
was fed to a second-stage treating apparatus 33'. The 
size of this second-stage treating apparatus 33' was 
smaller than that of first-stage treating apparatus 33. 
That is, in second-stage treating apparatus 33', the 
treating tank had a diameter of 15 cm and a height of 2 
m, a foam breaking tank having a height of 1 m was 
installed above the treating tank 1 , and a separator was 
interposed between the treating tank and the foam 
breaking tank A foam inlet pipe having an inner diame- 
ter of 1 .5 cm and a length of 30 cm was attached to the 
separator, and a foam breaker plate having a diameter 
of 5 cm was disposed 2.5 cm above the upper end of the 
foam inlet pipe. In other respects, the construction of the 
second-stage treating apparatus was the same as that 
of the first-stage treating apparatus. 
[0051] Using the apparatus constructed according to 
the above-described specifications, an experiment was 
carried out under the following conditions. 

(1) Desuifurization absorbing fluid: An absorbing fluid 
collected at the outlet of a wet desuifurization tower 

55 

[0052] 

(a) Unburned carbon content: 1,350 mg/L. 



(a) Feed rate of desuifurization absorbing fluid: 0.1 
m 3 /h. 

(b) Volume of stored fluid: 0.026 m 3 (with a depth of 
1.5 m). 

(c) Suction rate of circulating pump: 0.5 m 3 /h. 

(d) Flow rate of gas (air): 3 m 3 N/h (1 70 m 3 N/h • m 2 ). 

(e) Flow rate of absorbing fluid fed to solid-liquid 
separator: 0.09 m 3 /h. 

(f) Overflow rate from foam breaking tank: 0.01 
m 3 /h. 

[0055] This experiment revealed that, while the 
unburned carbon concentration in the desuifurization 
absorbing fluid fed to the first-stage treating apparatus 
was 1,350 mg/L, the unburned carbon concentration in 
the desuifurization absorbing fluid fed to the solid-liquid 
separator was reduced to 13.5 mg/L. Thus, it was con- 
firmed that unburned carbon was efficiently removed. 
The broken foam liquid discharged from the foam break- 
ing tank contained 13.4 g/L of unburned carbon and 
21.2 g/L of gypsum. 

[0056] When this broken foam liquid was introduced 
into the second-stage treating apparatus and treated 
therein, the broken foam liquid discharged from the 
foam breaking tank of the second-stage treating appa- 
ratus contained 132.8 g/L of unburned carbon and 2.2 
g/L of gypsum. As compared with the broken foam liquid 
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discharged from the first-stage treating apparatus, the 
broken foam liquid discharged from the second-stage 
treating apparatus had a lower gypsum content and a 
higher unburned carbon content Moreover, since the 
volume of the broken foam liquid was decreased, more $ 
economical waste disposal could be achieved. 
[0057] Using a solid-liquid separator (or centrifugal 
separator), gypsum was recovered from the desurfuriza- 
tion absorbing fluid withdrawn from the first-stage treat- 
ing apparatus. This gypsum had an unburned carbon w 
concentration of 0.02 mg/g, and exhibited high white- 
ness. 

Example 3 

75 

[0058] An experiment was carried out by using a plant 
illustrated in FIG. 4. A desulfurization absorbing fluid 
containing fine particles of unburned carbon and other 
materials was treated by using only a treating apparatus 
similar to the first-stage treating apparatus used in 20 
Example 2. 

(1) Desulfurization absorbing fluid: An absorbing 
fluid collected at the outlet of a wet desulfurization 
tower 25 

(a) Unburned carbon content: 2.1 g/L 

(b) Gypsum concentration: 21% by weight 
(slurry). 

(c) Content of soluble salt (e.g., ammonium sul- 30 
fate): 0.1-1.5 moles/L as expressed in terms of 
ionic strength (varied condition). 

(Note) Ionic strength is defined by the following 
equation: 

35 

l = (1/2)x(ECiZi 2 ) 

where I is the ionic strength (in moles/L), 
Ci is the concentration of an ion i (in moles/L). 
and Zi is the valence number of an ion i. 40 

(2) Feed rate of desulfurization absorbing fluid: 1 
m 3 /h. 

(3) Volume of stored fluid within treating tank: 0.105 

m 3 (with a depth of 1 .5 m). 45 

(4) Suction rate of circulating pump: 10 m 3 /h. 

(5) Flow rate of gas (air): 1 .5-25 m 3 N/h (varied con- 
dition). 

[0059] While a regulating valve was being operated so 
according to the preset value of a controller so that the 
depth of the desulfurization absorbing fluid within treat- 
ing tank of treating apparatus 33 might be kept con- 
stant, the treated fluid was withdrawn through a 
withdrawal pipe. 55 
[0050] The degree of removal of unburned carbon in 
the desulfurization absorbing fluid withdrawn from the 
treating tank of treating apparatus 33 and delivered to a 



solid-liquid separator was examined by varying the ionic 
strength of the desulfurization absorbing fluid and using 
the flow rate of the gas (air) blown into the treating tank 
as a parameter. 

[0061] As a result, rt was found that the degree of 
removal of unburned carbon varied considerably 
according to the flow rate (in m 3 N/h • m 2 ) of the gas 
blown into treating apparatus 33 (i.e., the gas fbw rate 
per unit cross-sectional area of the treating tank), as 
shown in FIG. 7. This indicates that there is an optimum 
range of operating conditions. 
[0062] Specifically, in order to remove unburned car- 
bon efficiently, it is advantageous to operate the treating 
apparatus at a gas flow rate in the range of 50 to 300 
m 3 N/h • m 2 and preferably 100 to 250 m 3 N/h • m 2 . If the 
gas flow rate is less than 50 m 3 N7h • m 2 , the desulfuriza- 
tion absorbing fluid will exhibit poor foamability. If the 
gas flow rate is greater than 300 m 3 N/h • m 2 , a higher 
proportion of the foam will be broken before passing 
through the foam inlet pipe, resulting in a low degree of 
removal of fine particles of unburned carbon and other 
materials. 

[0063] Tests were carried out on desulfurization 
absorbing fluids having an ionic strength in the range of 
0.1 to 1.5 moles/L. If the ionic strength is not less than 
0.1 mole/L, the desulfurization absorbing fluid will 
exhibit good foamability. Accordingly, the desulfurization 
absorbing fluid obtained from a wet flue gas desulf urizer 
for removing S0 2 from the combustion exhaust gas of 
an ordinary oil-fired boiler or the like can be directly 
used. If the ionic strength of the desulfurization absorb- 
ing fluid is insufficient, its ionic strength can be 
increased by the addition of a soluble salt such as 
ammonium sulfate. 

[0064] As a result, the unburned carbon concentration 
in the desulfurization absorbing fluid withdrawn from the 
treating tank of treating apparatus 33 was reduced to 
10-20 mg/L. Using a solid-liquid separator (or centrifu- 
gal separator) 37, gypsum 38 was recovered from this 
absorbing fluid by solid-liquid separation. Thus, there 
was obtained gypsum having high whiteness. 

Example 4 

[0065] FIG. 8 illustrates an example of a flue gas des- 
ulfurization plant in which treating apparatus in accord- 
ance with the present invention are installed. In FIG. 8, 
exhaust gas discharged from an oil-fired boiler 101 is 
introduced into a denitrator 103 where NO x is removed 
from the exhaust gas by catalytic reduction with ammo- 
nia gas (not shown) injected thereinto. The exhaust gas 
leaving denitrator 103 is passed through an air pre- 
heater 102 where it undergoes heat exchange with air 
blown into boiler 101 , and heat is then recovered there- 
from in a heat recovery unit 104 installed downstream. 
Thereafter, the exhaust gas cooled in heat recovery unit 
104 is introduced into a wet desurfurizer 105 where sul- 
fur oxides and dust (i.e., unburned carbon and other 
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materials) are removed therefrom. Then, the exhaust 
gas is heated in a reheater 106 and discharged from a 
stack 107. On the other hand, the desuifurization 
absorbing fluid containing fine particles of unburned 
carbon and other materials is withdrawn from wet desul- 5 
furizer 1 05 by means of a pump 1 08 and introduced into 
a first-stage treating apparatus 109 for the desuifuriza- 
tion absorbing fluid. The liquid discharged from the 
foam breaking tank of treating apparatus 109 is further 
treated in a second-stage treating apparatus 110. The 10 
desuifurization absorbing fluid from which unburned 
carbon has been removed is introduced into a solid-liq- 
uid separator 1 1 1 where it is separated into gypsum 1 1 2 
and filtrate 113. 

[0066] Flue gas desuifurization was carried out by is 
using the plant illustrated in FIG. 8. The testing condi- 
tions were as follows. 

(1) Flow rate of exhaust gas from oil-fired boiler: 
200 m 3 N/h. 20 

(2) SO x concentration in exhaust gas: 1 ,500 ppm. 

(3) NO x concentration in exhaust gas: 1 10 ppm. 

(4) Content of unburned carbon in exhaust gas: 205 
mg/m 3 N. 

(5) Degree of denitration in denitrator: 90%. 25 

(6) Degree of desuifurization in wet desulfurizer: 
97%. 

(7) Degree of dust removal in wet desulfurizer: 
95%. 

30 

[0067] In order to test the treating apparatus of the 
present invention, a portion of the absorbing fluid was 
withdrawn from the wet desulfurizer. The withdrawn fluid 
had an unburned carbon content of 3,400 mg/L and a 
soluble salt content of 0.8 mole/L as expressed in terms 35 
of ionic strength. The treating apparatus used in this 
example were similar to that used in Example 1 . As a 
result of the experiment, the unburned carbon concen- 
tration in the desuifurization absorbing fluid fed into the 
first-stage treating apparatus was 3,400 mg/L, but the 40 
unburned carbon concentration in the desuifurization 
absorbing fluid withdrawn from the treating tank was 32 
mg/L. Moreover, the gypsum recovered by means of a 
solid-liquid separator was analyzed. This gypsum con- 
tained 0. 1 6 mg of unburned carbon per gram of the gyp- 45 
sum, and had high whiteness. 
[0068] The broken foam liquid overflowing from the 
foam breaking tank of the second-stage treating appa- 
ratus had an unburned carbon concentration of 320 g/L 
and a gypsum concentration of 5.5 g/L. It is to be under- 50 
stood that the present invention is not limited to use in 
the system illustrated in FIG. 8. but may be used, for 
example, in systems from which one or more of the den- 
itrator, heat recovery unit and reheater are omitted. 
[0069] FIG. 9 illustrates a conventional flue gas desul- 55 
furization plant. 

[0070] Unburned carbon-containing exhaust gas dis- 
charged from an oil-fired boiler 101 is introduced into a 



denitrator 103 where NO x is removed from the exhaust 
gas by catalytic reduction with ammonia gas (not 
shown) injected thereinto. The exhaust gas leaving den- 
itrator 103 is passed through an air preheater 102 
where it undergoes heat exchange with air blown into 
boiler 101, and heat is then recovered therefrom in a 
heat recovery unit 104 installed downstream. Thereaf- 
ter, the exhaust gas is introduced into an electrostatic 
precipitator 114. 

[0071] The exhaust gas introduced into electrostatic 
precipitator 114 usually contains several hundred 
mg/m 3 N of unburned carbon, and more than 90% of the 
unburned carbon is removed in electrostatic precipitator 
114. As a result of the removal of unburned carbon in 
electrostatic precipitator 114, the dust concentration in 
the exhaust gas discharged from a stack 107 can be 
reduced to a sufficiently low level. Moreover, the content 
of unburned carbon in gypsum formed as a byproduct in 
a wet desulfurizer 105 is decreased, so that highly pure 
gypsum having high whiteness can be obtained. The 
exhaust gas from which most of the unburned carbon 
has been removed is introduced into wet desulfurizer 
105 where SO x present in the exhaust gas is removed 
by absorption into a lime slurry used as the absorbing 
fluid and, at the same time, gypsum is formed as a by- 
product. The slurry containing gypsum is withdrawn 
from desulfurizer 105 by means of a pump 108, and 
introduced into a solid-liquid separator 111 where gyp- 
sum 112 is recovered by solid-liquid separation. The 
resulting filtrate 113 is used as make-up water for dis- 
solving limestone. 

[0072] In conventional wet desuifurizers, unburned 
carbon present in a gas is removed by the collision of 
the gas with a liquid. Especially in a desuifurizers of the 
liquid column type, itsdedusting effect is more excellent 
and, therefore, the dust concentration in the gas dis- 
charged from a stack can be reduced to a sufficiently 
low level even if the electrostatic precipitator is omitted. 
However, if the treating apparatus of the present inven- 
tion is not employed, the content of unburned carbon in 
the absorbing fluid of the wet desulfurizer is as high as 
several thousand milligrams per liter, so that the recov- 
ered gypsum will have low whiteness and low purity. In 
contrast, if the treating apparatus of the present inven- 
tion is employed, not only the electrostatic precipitator 
can be omitted, but also highly pure gypsum can be 
recovered. 

Claims 

1. A method for the treatment of a desuifurization 
absorbing fluid after gas-liquid contact with com- 
bustion exhaust gas containing fine particles of 
unburned carbon and other materials, which com- 
prises the steps of feeding a gas into the absorbing 
fluid containing the fine particles and thereby pro- 
ducing gas bubbles so as to cause the fine particles 
to adhere to the surfaces of the gas bubbles and 
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create a foam phase consisting of the gas bubbles; tank, to the absorbing fluid feed port of the appara- 

and breaking the foam phase to obtain a liquid con- tus at the succeeding stage, 

taining the fine particles. 



2. A method for the treatment of a desulfurization s 
absorbing fluid as claimed in claim 1 wherein the 
gas is fed into the absorbing fluid at a flow rate of 50 

to 300 m 3 N/h • m 2 per unit cross-sectional area of 
the absorbing fluid. 

10 

3. An apparatus for the treatment of a desulfurization 
absorbing fluid after gas-liquid contact with com- 
bustion exhaust gas containing fine particles of 
unburned carbon and other materials, which com- 
prises a treating tank for storing the absorbing fluid 15 
containing the fine particles, the treating tank hav- 
ing an absorbing fluid feed port for feeding the 
absorbing fluid into the treating tank, and a gas feed 
port for feeding a gas into the absorbing fluid stored 

in the treating tank and thereby producing gas bub- 20 
bles to create a foam phase consisting of the gas 
bubbles in the treating tank; a foam breaking tank 
adjoining the treating tank; a foam inlet pipe for con- 
necting the treating tank with the foam breaking 
tank in fluid communication relationship; and foam 25 
breaker means disposed in the foam breaking tank 
for breaking the foam phase having passed through 
the foam inlet pipe to obtain a liquid containing the 
fine panicles. 

30 

4. An apparatus for the treatment of a desulfurization 
absorbing fluid as claimed in claim 3 wherein a plu- 
rality of said apparatus for the treatment of a desul- 
furization absorbing fluid are installed in successive 
stages, and said apparatus are connected by feed- 35 
ing means for delivering the fine particle-containing 
liquid obtained in the apparatus at the preceding 
stage to the absorbing fluid feed port of the appara- 
tus at the succeeding stage. 

40 

5. An apparatus for the treatment of a desulfurization 
absorbing fluid as claimed in claim 3 wherein the 
treating tank has an outlet port for withdrawing the 
absorbing fluid stored in the treating tank, and said 
apparatus is equipped with means for returning a 45 
portion of the absorbing fluid withdrawn from the 
outlet port, together with the gas, to the treating 
tank through the gas feed port. 

6. An apparatus for the treatment of a desulfurization 50 
absorbing fluid as claimed in any of claims 3 to 5 
wherein a plurality of said apparatus for the treat- 
ment of a desulfurization absorbing fluid are 
installed in successive stages, and said apparatus 
are connected by feeding means for delivering the ss 
absorbing fluid withdrawn from the outlet port of the 
treating tank of the apparatus at the preceding 
stage, except the portion returned to the treating 
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What is claimed is : 

1. A method for the treatment of a desulfurlzation 
absorbing fluid after gas-liquid contact with combustion 
exhaust gas containing fine particles of unburned carbon and 
other materials, which comprises the steps of feeding a gas 

^- — 1> : sy^j^ 

into the absorbing fluid containing the fine particles and tU 

thereby producing gas bubbles so as to cause the fine c " c A/^r] 

particles to adhere to the surfaces of the gas bubbles and 

create a foam phase consisting of the gas bubbles; and 

breaking the foam phase to obtain a liquid containing the 

fine particles. ^ ^/cAo t fatt^ ^rtlf^ (u(>tt^ ? 

2. A method for the treatment of a desulfurlzation 
absorbing fluid as claimed in claim 1 wherein the gas is fed 
into the absorbing fluid at a flow rate of 50 to 300 m 3 N/h-m* 
per unit: cross-sectional area of the absorbing fluid. ; 

3* An apparatus for the treatment of a desulfurlzation 
absorbing fluid after gas -liquid contact with combustion 
exhaust gas containing fine particles of unburned carbon and 
other materials , which comprises a treating tank for storing 
the absorbing fluid containing the fine particles, the 
treating tank having an absorbing fluid feed port for feeding 
the absorbing fluid into the treating tank, and a gas feed 
port for feeding a gas into the absorbing fluid stored in the 
treating tank and thereby producing gas bubbles to create a 
foam phase consisting of the gas bubbles in the treating 

- 29 - 



tank; a foam breaking tank adjoining the treating tank; a 
foam inlet pipe for connecting the treating tank with the 
foam breaking tank in fluid communication relationship; and 
foam breaker means disposed in the foam breaking tank for 
breaking the foam phase having passed through the foam inlet 
pipe to obtain a liquid containing the fine particles. 

4 . An apparatus for the treatment of a desulf urization 
absorbing fluid as claimed in claim 3 wherein a plurality of 
said apparatus for the treatment of a desulf urization 
absorbing fluid are installed in successive stages, and said 
apparatus are connected by feeding means for delivering the 
fine particle-containing liquid obtained in the apparatus at 
the preceding stage to the absorbing fluid feed port of the 
apparatus at the succeeding stage. 

5. An apparatus for the treatment of a desulf urization 
absorbing fluid as claimed in claim 3 wherein the treating 
tank has an outlet port for withdrawing the absorbing fluid 
stored in the treating tank, and said apparatus is equipped 
with means for returning a portion of the absorbing fluid 
withdrawn from the outlet port, together with the gas, to the 
treating tank through the gas feed port. 

6. An apparatus for the treatment of a desulf urization 
absorbing fluid as claimed in any of claims 3 to 5 wherein a 
plurality of said apparatus for the treatment of a 
desulfurization absorbing fluid are installed in successive 

- 30 - 



stages, and said apparatus are connected by feeding means for 
delivering the absorbing fluid withdrawn from the outlet port 
of the treating tank of the apparatus at the preceding stage, 
except the portion returned to the treating tank, to the 
absorbing fluid feed port of the apparatus at the succeeding 
stage. 
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□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED AREPOOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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